EFSA has requested the Vextornet consortium to undertake a series of spatial distribution models for seven potential mosquito vectors of Rift Valley fever virus, namely Aedes albopictus, Aedes caspius, Aedes detritus, Aedes japonicus, Aedes vexans, Culex pipiens and Culex theileri. The modelling used the distribution data held within the VectorNet archive (as at September 2018), updated by literature searches to acquire new records available since 2016. The modelling has been implemented in three phases: (i) data collection, collation and standardisation; (ii) spatial modelling for presence and absence, and the calculation of presence metrics at the country level to be compatible with the MintRisk utilities; and (iii) the spatial modelling of vector abundance, dependent on the data available. This document briefly summaries the results of the data collection, and presence and absence modelling due for delivery in December 2020. Sufficient data were amassed to produce statistically reliable spatial models of the probability of presence of all species except Ae. detritus. The models were implemented at 1 km resolution covering the whole of continental Europe, using standard modelling techniques (Boosted Regression Trees and Random Forest) implemented through the VECMAP software suite. The distribution data for the period 2016 onward will be added to the VectorNet archive when its migration to a new data warehouse within ECDC has been completed. All spatial data in the form of an ARCMAP 'package' containing summaries of the vector distribution data collected, and all model outputs have been made available online to Vectornet partners, EFSA and ECDC. This interim report will be followed by a more complete document which also includes the results of the abundance modelling, due in March 2020.
Introduction

Background and Terms of Reference as provided by the requestor
This contract/grant was awarded by EFSA to: VectorNet Contractor/Beneficiary: VectorNet Contract/Grant title: RVF vector spatial distribution models: Probability of presence Contract/Grant number: SPECIFIC CONTRACT No 01/EFSA implementing framework contract NO ECDC/2019/020
Interpretation of the Terms of Reference
The overall aim of this scientific report is to model the probability of presence of Rift Valley fever (RVF) arthropod vectors in Europe using spatial distribution models.
RVF is a mosquito-borne viral disease affecting mainly ruminants. It causes abortion in pregnant susceptible ruminants and high mortality in new-borne animals. During epidemics, it can have a high impact on public health and the economy in the affected regions. The disease is caused by the RVF virus, a virus of the family Bunyaviridae and genus Phlebovirus. The virus has been isolated from more than 30 mosquito species. Mosquitoes belonging to the Aedes and Culex genera are considered to be the main vectors. The disease is widespread in Africa and it spread to the Arabian Peninsula in 2000-2001.
Additional information
The VectorNet consortium received an ad hoc request for technical support from the European Food Safety Authority (EFSA) to quantify the risk of RVF virus to the European Union in September 2019. One of the activities required to contribute to the risk assessment is an estimation of the distribution of the main RVF arthropod vectors within each member state. The vectors specified are Aedes albopictus, Aedes vexans, Aedes japonicus, Culex pipiens, Culex theileri, Aedes (Ochlerotatus) caspius and Aedes (Ochlerotatus) detritus. This first phase of distribution modelling focuses only on presence and absence assessment.
Data and Methodologies
Data
The methods thus depend heavily on the availability of known observations (training data). For these RVF vectors, training data were available from a number of sources, namely the VectorNet archive, as of September 2019; a series of previous studies by Avia-GIS on RVF vector distribution produced for EFSA in 2013, and data collated from and extensive literature review for all specified species from 2016 to date. These data consist of georeferenced point data and records of distribution status within a polygon (Present, Absent, Introduced, Established) for administrative units ("polygon data").
Methodologies
The method specified to provide distribution of the main RVF arthropod vectors within each member state was to provide spatial distribution models of the vectors based on the methodologies outlined in the recent European Centre for Disease Prevention and Control Technical Report entitled "A spatial modelling method for vector surveillance, namely Boosted Regression Trees and/or Random Forest modelling". These methods estimate statistical relationships between known georeferenced observations of presence, absence or abundance and a series of predictor covariates at a series of sample locations. These relationships are then used to calculate the predicted probability of presence (or abundance) for the whole area of interest at a fixed resolution, in this case 1 kilometre.
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This first phase of distribution modelling focuses only on presence and absence assessment. The majority of both polygon and point data collated are for vector presence -absence records are relatively few and far between. The methods used rely on training data that is comprised of roughly equal numbers of presence and absence data points. This means that absence points had to be defined. This is often done by assuming that vectors are absent in all areas more than a certain distance from known locations of presence (pseudo-absence). This is not, however particularly effective if the distribution of known presences is patchy or only available for a part of the vector's likely range -as is the case for most of the species modelled in this exercise. An alternative is to define absence based on known ecological preferences for habitat type, climate or environment (or indeed any other known limiting factor), i.e. the suitable habitat. Known flight ranges can be added as buffers to the suitable habitat. Absences can then be allocated to locations defined as unsuitable and beyond the flight range from suitable habitats.
To define the habitat suitabilities, the land cover categories for two land cover surfaces (Corine and the ESA CCI) were defined as primary, secondary or unsuitable. These were assessed against the available distribution records, and unsuitable habitat defined using primary or primary plus secondary habitat scores accordingly. To these, known climate limits and flight ranges were added. The resulting layers are shown in Appendix A. Absences were then allocated throughout the area or interest -even if distribution status is otherwise unknown -as well as within unsuitable locations of polygons of known presence and throughout polygons of known absence.
Presences were obtained from the point location records, and were also defined within habitat suitable areas of the polygons where the distribution status was defined as present. All presences and absences other than those from known point records were allocated randomly within designated areas. The numbers allocated were set so that the final numbers of presence and absence records were approximately equal.
For some species, the point location records were heavily clustered or records for a single location were available for several dates. In an attempt to remove contradictions this produced -records were aggregated by location and the maximum value calculated for each aggregated point. Absences (0) were thus superseded by presences (1). Three levels of aggregation were performed -the precise coordinate, 0.1 degree (approx. 10 km), and 0.01 degree (approx. 1 km). Each aggregated dataset was 'balanced' using random selection of the largest category so that the numbers of presence and absence points were approximately equal.
Though the core of the final datasets is the existing VectorNet archive, substantial amounts of data were available from the 2013 Avia-GIS datasets -significant numbers of point data and limited polygon only data for Ae. vexans, Cx. pipiens, and Cx. theileri, and some polygon data were available for Ae. caspius. The recent literature review provided large numbers of point records and relatively few polygon level records for all species. The polygon level records with no precise sample coordinates have been added to the data entry VectorNet polygon map file supplied with this preliminary report and are identified by the date in the species *dat columns (see file list in Appendix B). The polygons have NOT been updated with the new point data, which are too extensive to be processed within the resources available. It is envisaged that these will be added to the VectorNet archive once the ongoing migration to ECDC's new data warehouse has been finalised. Both the points and the polygon status of each species is however illustrated in Appendix C.
Spatial modelling requires the training data to be fairly evenly spread throughout the potential range of each target species. If the records are too clustered or too sparse then modelling is not possible.
Sufficient data were available for all species except Ae. detritus.
As indicated above, spatial modelling was implemented with Boosted Regression Trees and Random Forest Techniques, executed through the VECMAP software suite. Models were only accepted with a minimum AUC metric of 0.85, and outputs for each method were ensembled to provide a mean prediction. These consensus predictions were then partially masked using the least constrained habitat suitability surfaces, i.e. those using primary and secondary habitats in their definition. The unmasked outputs for 'unsuitable' areas were reduced by a quarter. In this way the models were 'allowed' to www.efsa.europa.eu/publications 7 EFSA Supporting publication 2020:EN-1800
predict presence in unsuitable areas, but only those where the modelled probability was highest. Both masked and unmasked predictions are illustrated in Appendix D.
The final masked outputs were converted to binary presence or absence using a threshold of 0.5 and these files then used to calculate the proportion of each EU Member State with each vector species predicted to be present. Two combination measures have also been provided: the proportion of each member state where the sum or predicted probabilities for all species exceeds 80%; and the proportion of each Member State where at least one species is predicted to be present (i.e. where at the predicted probability of presence of least one species is more than 0.5). These tables are both provided individually and summarised in the spreadsheet that accompanies this report. The summary table is presented in Table 1 and illustrated in Figure 1 below, and the worksheets are listed in Appendix E.
Results
All geographic data -predicted surfaces, updated point and polygon data, and habitat suitability surfaces are provided in an ArcMap 10. This dataset also includes a surface for the distribution of vector hosts, provided for a previous EFSA study, to allow for the calculation of the overlap between hosts and predicted vector presence. The package includes an ArcMap document (vnrvfvectormodelsdec19.mpk.mxd) file which displays all layers with an explanatory legend and simplified file label. Actual filenames to which these file label refer are given in the file list in Appendix B, and can be accessed through the source tab in the layer properties dialogue box.
www.efsa.europa.eu/publications 8 EFSA Supporting publication 2020:EN-1800
The present document has been produced and adopted by the bodies identified above as author(s). This task has been carried out exclusively by the author(s) in the context of a contract between the European Food Safety Authority and the author(s), awarded following a tender procedure. The present document is published complying with the transparency principle to which the Authority is subject. It may not be considered as an output adopted by the Authority. The European Food Safety Authority reserves its rights, view and position as regards the issues addressed and the conclusions reached in the present document, without prejudice to the rights of the author(s). The present document has been produced and adopted by the bodies identified above as author(s). This task has been carried out exclusively by the author(s) in the context of a contract between the European Food Safety Authority and the author(s), awarded following a tender procedure. The present document is published complying with the transparency principle to which the Authority is subject. It may not be considered as an output adopted by the Authority. The European Food Safety Authority reserves its rights, view and position as regards the issues addressed and the conclusions reached in the present document, without prejudice to the rights of the author(s). 
RVF vector distribution models
www.efsa.europa.eu/publications 10 EFSA Supporting publication 2020:EN 1800
Conclusions
This first phase of distribution modelling focuses only on presence and absence assessment. Sufficient data were available for all species except Ae. detritus.
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Habitat masks used to define absences for Ae. caspius (primary).
RVF vector distribution models
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Habitat masks used to define absences for Ae. japonicus (primary).
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Appendix BFile list
Updated Vectornet Point Data Filename
Available point and polygon data for Ae. caspius.
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Available point and polygon data for Ae. japonicus.
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Available point and polygon data for Cx. pipiens.
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Available point and polygon data for Cx. theileri.
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Available point and polygon data for Ae. vexans.
www.efsa.europa.eu/publications 26 EFSA Supporting publication 2020:EN 1800
Masked predictions for Ae. caspius.
Unmasked predictions for Ae. caspius.
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Masked predictions for Ae. japonicus.
Unmasked predictions for Ae. japonicus.
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Masked predictions for Cx. pipiens.
Unmasked predictions for Cx. pipiens.
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Masked predictions for Cx. theileri.
Unmasked predictions for Cx. theileri.
